Genetic Basis of BS
BS is an inherited condition transmitted in an autosomal-dominant way. The syndrome has a heterogeneous genetic basis: mutations in 10 genes have been linked to BS (Table 1) , and it is very likely that the number of genetic defects responsible for it will continue increasing. Mutations in SCN5A 16 leading to a loss of function of the cardiac sodium (Na + ) channel by different mechanisms is the most common genotype found among these patients (ie, ≈20% of BS cases; range 11-28%). To date, almost 300 mutations in SCN5A have been described in association with BS. 17 Mutations in the glycerol-3-phosphate dehydrogenase 1-like gene (GPD1L) cause abnormal trafficking of the cardiac Na + channel to the cell surface and a reduction of approximately 50% of the inward Na + current. 18 Mutations in genes encoding the α1-(CACNA1c) and β2b-(CACNB2b) subunits of the L-type cardiac calcium (Ca 2+ ) channel leading to a decrease of the ICa current, result in a combined BS/short QT syndrome. 19 Other genes recently reported to be linked to the syndrome are: SCN1B (encoding for β1-and β1b-subunits, auxiliary function-modifying subunits of the cardiac Na + channel, resulting in a decrease of the INa current by affecting the Na + channel trafficking; 20 KCNE3 21 (encoding MiRP2, a protein that decreases the potassium (K + ) transient outward current (Ito) current by interacting with channel Kv4.3, resulting in an increase of Ito magnitude and density; 21 SCN3B (which encodes for the β3-subunit of the Na + cardiac channel, and leading to a loss of function of the Na + cardiac channel also cause B BERNE P et al. 23 (mutations in this gene cause INa reduction by impairing the trafficking of the cardiac Na + channel to the cell membrane); KCNE5 24 and KCND3 25 (mutations in both genes leading to an increase of the Ito current have been linked to BS). Each of the these 9 genes is responsible for less than 1% of reported cases of BS.
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ECG Patterns in BS
The diagnosis of BS requires the presence of a type 1 BS pattern in the right precordial leads (ie, V1-3), either spontaneous or unveiled by Class I antiarrhythmic drugs (AAD), characterized by a prominent coved ST-segment elevation displaying J-point amplitude or ST-segment elevation ≥2 mm, followed by a negative T wave. Right bundle branch block may be associated with BS, but its presence is not required for the diagnosis. 26, 27 The type 2 BS pattern (≥2 mm J-point elevation, ≥1 mm ST-segment elevation and a saddleback appearance, followed by a positive or biphasic T wave) and type 3 BS pattern (either a saddleback or coved appearance, but with an STsegment elevation <1 mm) are considered to be suggestive but not confirmatory of the disease (Figure 1) .
According to the consensus on BS, 11,28 the ECG diagnosis is reached when a type 1 pattern is found in at least 2 right precordial leads (V1-3); however, a study on 186 BS patients established that V3 did not yield diagnostic information in that group, and that patients showing a type 1 ECG in only 1 right precordial lead (V1 or V2) presented a similar clinical profile and arrhythmic risk as BS patients with the same ECG pattern in more than 1 precordial lead. 29 
Pharmacological Tests for the Diagnosis of BS
The ECG is dynamic in BS patients; 30,31 the 3 aforementioned patterns may coexist in the same patient at different moments, and patients may show normal ECGs and the diagnostic pattern is unmasked only under certain circumstances (eg, fever, vagotonic agents or Class I AAD 32 ). This finding led to the use of Class I AAD as a diagnostic test in cases of suspected BS (Figure 2) . Flecainide, ajmaline, procainamide, disopyramide, propafenone and pilsicainide have been used to unmask BS. The current recommendations on drugs, doses, route and time of administration are outlined in Table 2 , with ajmaline being the drug of choice. 33, 34 Drug challenge is only considered positive when a type 1 BS pattern is revealed by the test.
During the basal ECG and at the beginning and end of the drug challenge test with the Class I AAD, it is recommended to place the right precordial leads at the 3 rd and 2 nd intercostal 
ECG Modulating Factors and Differential Diagnosis
Exposure to some drugs and ionic imbalance may produce a Brugada-like ST-segment elevation, which may represent a genetic predisposition to BS 38 ( Figure 4 ). Fever also modulates the phenotype and risk of arrhythmias in BS patients by causing accentuation of the inactivation of the Na + channel, eliciting a type 1 ECG pattern and triggering ventricular arrhythmias.
39-43
Many conditions may cause development of ST-segment elevation in the right precordial leads, mimicking the BS ECG pattern. This group of diseases and ECG abnormalities are not related to BS, and they should be carefully ruled out ( Figure 4 ). 
Diagnosis of BS
Once a type 1 ECG in the right precordial leads is observed, and other conditions that may account for it are excluded, BS is definitely diagnosed when the patients also presents at least 1 of the following clinical criteria: 1. Family history:
• SCD in a family member younger than 45 years • ECG type 1 in family members 2. Arrhythmia-related symptoms:
• Syncope • Seizures • Nocturnal agonal respiration 3. Documented ventricular arrhythmias:
• PVT • VF. Figure 4 is a proposed diagnostic algorithm.
Pathophysiologic Mechanism Underlying BS Phenotype
There are 2 main theories to explain the pathophysiologic mechanisms responsible for BS: repolarization and depolarization theories. Repolarization theory has been supported by animal models, as well as in humans. 26,44-47 Those supporting this theory claim that the ECG manifestations of BS and the increased risk for ventricular arrhythmias are a direct consequence of a shift in balance of the ionic currents active during the end of phase 1 of the action potential (AP): decrease of inward positive currents and/or increase of outward positive currents, resulting in an accentuation of the AP notch, leading to an elevation of the ST-segment with saddleback appearance, whereas repolarization of the epicardial cells precedes that of M and endocardial cells, and is followed by a positive T wave, and eventually to a loss-of-dome of the AP, mainly in the RV epicardium, where Ito is prominent. At this point, the ST-segment elevation will be higher and the morphology will adopt a coved appearance, followed by a negative T wave, secondary to a reversal of the direction of repolarization (from endocardium to epicardium, as the AP in the epicardium is prolonged). All this generates a remarkable dispersion of repolarization within the epicardium and transmurally. Propagation of the AP dome from sites where the dome is maintained to sites in which it is abolished cause local re-excitation (referred to as "phase 2 reentry"), resulting in ventricular extrasystoles originating in the epicardium. These extrasystoles may trigger episodes of PVT/ VF in a patient with BS. Those supporting the depolarization theory claim that conduction delay is the main pathophysiologic event in BS, which is evident in some basal ECGs (long PR interval, complete bundle branch block, etc) and also in different clinical studies, such as electrophysiological studies (EPS), in which some BS patients show prolonged H-V intervals; body surface, endocardial and epicardial mapping; and late potentials. 1,35, 48 They also sustain that mild structural abnormalities are a part of the syndrome, which would explain the late potentials and also may account for the conduction abnormalities. An ECG pattern secondary to conduction slowing in the RV, resulting in very late activation of the right ventricular outflow tract (RVOT), and a intercellular current from the RV to RVOT (responsible for the ST-segment elevation in the right precordial leads) and a subsequent current from the RVOT to RV (responsible for the negative T waves in the same leads).
Even if this theory has not been demonstrated in animal models, there is growing evidence from clinical studies supporting its role in BS; 49 A recent study by Nademanee et al showed that in a small group of symptomatic BS patients with an implantable cardioverter-defibrillator (ICD) and multiple shocks, persistent spontaneous type 1 pattern and inducible VT/VF in the EPS, electroanatomical mapping (endo/epi) found abnormally low voltage, prolonged duration and fractionated late potentials in the anterior aspect of the RVOT (epicardium), and radiofrequency catheter ablation (RFCA) of these sites rendered the VT/VF not inducible (78% of patients) and normalizing the ECG pattern in 89%, with no recurrence of sustained arrhythmic events during follow-up (20±6 months). 50 The controversy remains, as there is evidence supporting both theories, which might not be mutually exclusive, and further studies are needed to clarify this issue.
The different effect of estrogens (which inhibit Ito expression and trafficking) and testosterone (which increases slow potassium currents), 51-54 and the differences in expression and density of the Ito current between both sexes (density of the Ito current is lower in females 55,56 ) are the 2 main hypotheses for the predominance of BS phenotype among males.
Prognosis and Risk Stratification
All groups have identified and use some markers of high risk in BS patients, but there is still controversy on how to stratify arrhythmic risk in asymptomatic BS patients.
A previous episode of SCD and syncope are markers of high risk of presenting ventricular arrhythmias (rate of recurrence of ventricular arrhythmias in patients with aborted SCD and BS: 17-62% at 48-84 months follow-up according to different series; rate of recurrence of ventricular arrhythmias in patients with syncope and BS: 6-19% at 24-39 months follow-up in different series), and therefore the patient should receive an ICD for secondary and primary prevention of SCD (Class I indication). 6-10,12, 57 It is reasonable to implant an ICD in a BS patients with documented ventricular tachycardia not resulting in aborted SCD, irrespective of the symptomatic status (Class IIa indication). 57 Serial monitoring of the ECG with the object of detecting the spontaneous type 1 ECG pattern in BS patients with or without previous symptoms is a Class IIa recommendation, as this pattern has been identified as an independent predictor of ventricular arrhythmias in the multivariate analysis of the largest cohort of BS patients published to date 10 12 Priori et al reported a 6% recurrence rate at 34±44 months of follow-up; 6 Eckardt et al 8 and Giustetto et al 9 reported a 1% recurrence rate (after 40±50 months and 30±21 months of follow-up, respectively); Probst et al reported a 1.5% recurrence rate at 31 months of follow-up. 10 The value of inducibility of sustained ventricular arrhythmias during an EPS as a tool to evaluate arrhythmic risk in BS is still the most controversial topic. The results published by Brugada et al indicate that inducibility during an EPS is an independent predictor for cardiac events (HR 8.33, 95% CI 2.8-25; P=0.0001), 12 but other registries have failed to demonstrate this. 6,8,10, 58 There are a number of possible reasons for the differences among the cited studies: different inclusion criteria, different stimulation protocols, different statistical analysis methods, etc. BERNE P et al.
So far, some groups still use an EPS for the negative predictive value in case patients are non-inducible, whereas others simply do not perform an EPS test in asymptomatic patients with an spontaneous type 1 ECG in which case no other stratifiers can be used and the decision whether to implant an ICD or not is left to the discussion between physician and patient.
Current guidelines consider an EPS for risk stratification in asymptomatic BS patients with spontaneous type 1 ECG as a Class IIb indication. 57 Family history of SCD has not been identified as a reliable marker of high risk in patients affected by BS. 10, 12 In all of the published series there was no difference in arrhythmic events when dividing patients according to the presence or absence of SCN5A mutations, but some studies have identified a significantly higher rate of syncope among patients carrying SCN5A truncation mutations and missense mutations resulting in non-functional Na + channels, compared to patients with SCN5A missense mutations that produce a lesser decrease in the Na + current. 59 The finding that common polymorphisms located in the same gene may modulate the effect of the mutations causing BS, 60,61 counterbalancing its deleterious effects and improving the BS phenotype, suggests that polymorphisms may be possible targets for therapeutic interventions. Figure 5 shows our proposed risk stratification scheme and recommendations for ICD in BS patients.
Treatment and Recommendations for BS Patients
ICD
The implantation of an ICD is the only proven effective strategy for the prevention of SCD in this group of patients, even if they may present several disadvantages: low rates of appropriate shocks (8-15%, median follow-up 45 months; annual appropriate discharge rate=2.6%) and high rate of inappropriate shocks (20-36% at 21-47 months follow-up). In many series the inappropriate shocks greatly exceeded (2-2.5-fold) the rate of appropriate shocks. 62-64 Programming only 1 therapy zone (for VF), at a high rate cut-off (250 beats/min -patient age in years; or >210-220 beats/min) 65 and increasing the detection window, ie, programming long detection intervals by increasing the number of intervals to detect (NID) to 18 of 24 in the VF zone, 66,67 helps avoid shocking a non-sustained tachycardia. Other measures to avoid ICD complications are absolute contraindication of competitive sports, and limited recreational sports, 68 especially those with an implied higher risk of lead damage; favoring the use of 1 lead devices and treatment of supraventricular arrhythmias, including RFCA.
Pharmacological Treatment
Isoproterenol (which increases the ICaL current), has proved to be useful for treating electrical storm in BS (Class IIa indication 57 ). Quinidine, a Class Ia AAD with Ito and I-Kr blocker effects has also proved to be useful for treating electrical storm in BS patients, 69,70 and its use in this context is a Class IIb indication. 57 It prevents induction of VF and suppresses spontaneous ventricular arrhythmias, being used in patients with BS and multiple ICD discharges. It has been suggested that it also could be useful as a bridge to ICD, as an alternative to it and in children; however, it has a high rate of secondary effects. Additional Management Recommendations BS patients should be advised to avoid all drugs that may induce a type 1 ECG and/or trigger ventricular arrhythmias, and avoid unnecessary use of drugs (as the fact that a drug is not yet identified as potentially dangerous for these patients does not make its use safe). For up-to-date information on this matter, the following website has been developed: www. brugadadrugs.org. 82 Fever may induce the appearance of a type 1 BS ECG pattern and may trigger episodes of PVT/VF in BS patients. In the case of fever, close ECG monitoring is appropriate in combination with lowering of the body temperature.
The appearance of syncope, seizures or nocturnal agonal respiration must lead to prompt medical evaluation.
Family screening of BS in first-degree relatives is strongly recommended.
All patients must be followed-up on a regular basis, in order to identify the development of symptoms.
Genetic testing, when available, is recommended (to support clinical diagnosis, early detection of other affected family members and for research purposes).
Conclusions
Brugada syndrome is a rather recently known disease with limited information concerning long-term follow-up and risk stratification.
Patients should only be diagnosed if a type 1 ECG is present. Symptomatic patients are at risk of sudden death. Asymptomatic patients have a low risk of ventricular arrhythmias, but identification of those at risk should be the primary objective of upcoming studies.
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